Introduction.
Central cholinergic neurons are reported to be important in memory acquisition and are known to degenerate in Alzheimer's disease.l) Since nerve growth factor (NGF) was found to increase choline acetyltransf erase (ChAT) activity''),. ) and prevent cholinergic neuron death,4)-°~ investigators started to look for other neurotrophic factors for these neurons. So far, fibroblast growth factor (FGF) was shown to promote survival of dissociated hippocampal neurons 7 > and to prevent death of damaged central cholinergic neuronss~ but the effect on ChAT activity was determined with peripheral cholinergic neurons. 9~ Recently, interactions of the immune-nervous system have attracted great interest.
Several cytokines have been found to have neurotrophic effect or to effect neuronal differentiation.
For instance, neuroleukin is a factor produced by T cells, which induces B cell differentiation and shows trophic effect on spinal cord neurons.12~ Interleukin-6 (IL-6) also induces differentiation of B cells to plasma cells as well as differentiation of PC12 cells, rat pheochromocytoma line cells, to neuronal cells.l3~ For these reasons, we looked for cytokines that may have trophic effects on central cholinergic neurons.
Since cytokines are well characterized in humans and mice, we established a serum-free culture system of murine dissociated neurons.
Material and method. The septal regions including the basal forebrain were taken from BALB/c mice (Sankyo Laboratory Service, Tokyo) on 15 embryonic day, and were dissected in calcium-and magnesium-free Hanks' balanced salt solution (HESS), pH 7.4. The wet tissue in HBSS (10 mg/ml) was treated with 0.03% trypsin (pH 6.5) for 3 min at 37°C, pipetted and sieved through a 63 µm nylon mesh. Dissociated cells were washed twice with HBSS (pH 6.5) and once with the serum-free basal medium-1 (see below) and centrifuged at 200 g. Cell viability was checked by 0.16% trypan blue and a certain number of viable cells were resuspended in the basal medium-2 (see below) with or without a factor to be tested. After preincubation for 15 min, floating dead cells were removed, and cells were cultured in a humidified air mixture with 5% C02 at 37°C. In this condition, cultured cells were comprised almost entirely of neurons, which was confirmed by immunocytochemical and histochemical stainings. Basal medium-1 is a 1; l mixture of Dulbecco's modified Eagle's medium containing 4.5 g/1 glucose (Gibco, Grand Island, NY) and Ham's F 12 (Gibco), pH 7.4, supplemented with 15 mM Hepes buffer, 30 nM sodium selenate, and 20 mM penicillin-streptomycin, Gibco). Basal medium-2 is composed of the basal *' To whom correspondence should be addressed .
medium-1 and 100 µg/ml human transferrin, 25 µg/ml bovine crystal insulin, 20nM progesterone, 20nM hydrocortisone-2l-phosphate, 10µM L-carnitine, 30 nM 3, 3', 5-triiodo-L-thyronine, 7 ng/ml tocopherol, 7 ng/ml retinol, 1µM thioctic acid, and 1µl/ml mineral mixture.14~ All the above chemicals unless otherwise indicated were purchased from Sigma Chemicals (St. Louis, MO).
Recombinant human IL-3 (hIL-3), recombinant human tumor necrosis factor a (TNFa), recombinant mouse granulocyte-macrophage colony stimulating factor (GM-CSF), recombinant human interleukin-1a (IL-1a), recombinant human interleukin-1j3 (IL-1j3), and recombinant human interleukin-2 were purchased from Genzyme, Boston, MA. Recombinant human IL-6 (IL-6) was given by Drs. T. Hirano and T. Kishimoto at Osaka University, Osaka. Highly purified mouse IL-3 was obtained from ICN Biochemicals, Cleveland, OH. j3-NGF was given by Dr. S. Furukawa at this institute.
WEHI-3 line cells were cultured in RPMI 1640 with 10% fetal calf serum (FCS). The conditioned medium was adjusted'j) and the indicated concentrations were added to the basal medium-2. For this control, the same concentration of RPMI 1640 with 10% FCS was used.
For quantitation of neurite bearing cells, the dissociated cells were cultured at 1 X 10 /ml in a 12-well plate (Falcon). At 0, 20, 40, and 50 hr culture time, pictures were taken randomly with a phase contrast microscope and neurite bearing cells were counted on printed pictures at a final magnification of 160 X .
To see the effect of IL-3 on ChAT activity, 6x105 /ml cells were cultured in a 35 mm dish (Falcon) coated with poly-L-lysine (MW 30,000-70,000, Sigma), and the culture medium was changed once on day 2 or 3, and on day 5 cells were harvested by a rubber policeman. The cells were washed 3 times with Hanks' balanced salt solution, and 30µl of 10 mM EDTA and 0.5 µl of 4% Triton X-100 were added to the pellet. The cells were homogenized and the total volume was measured by a micrometer syringe.
ChAT activity was determined by our partially modified Fonnum's method.l'~! Protein content was measured by the Lowry's method. Data are expressed as the mean of percent neurite bearing cells. Standard deviation was less than 2O% of the mean. A: Effect of the conditioned medium of WEHI-3 line cells. 1, 5(/ conditioned medium; 2, 10C/ conditioned medium; 3, 20% conditioned medium; 4, 5 % control medium; 5,10% control medium; 6, 20% control medium; 7, basal medium-2. B : Effect of IL-3 and other cytokines.
1, basal medium-2; 2, hIL-3 (10 U/ml); 3, same (100 U/ml); 4, mIL-3 (10 U/ml); 5, same (100 U/ml); 6, J3-NGF (100 ng/ml); 7, TNFa (20 ng/ml); 8, GM-CSF (10 U/ml); 9, IL-1a (26.4 U/ml); 10, IL-l/I (18.8 U/ml); 11, IL-2 (20 U/ml); 12, IL-6 (90 ng/ml). The dosage of cytokines was decided from published data or givers' information.
Results.
Initially, we tested the conditioned medium of WEHI-3 line cells and found that it significantly promoted neurite outgrowth (Fig. 1A) . Since the principal factor in the WEHI-3 conditioned medium is interleukin-3 (IL-3), we tested hIL-3 and mIL-3, and compared them with other cytokines. As shown in Fig. 1B , both hlL-3 and mIL-3 had similar effect on neurite outgrowth, while IL-1a, IL-1, IL-2, TNFa, GM-CSF, IL-6, and 13-NGF had no such effect. In addition, IL-3 induced elevated ChAT activity in these neurons, which was blocked by a monoclonal antibody to IL-3 ( Table I ). The effect of IL-3 was higher than that of NGF at the tested dose, and hIL-3 was more effective than mIL-3. Furthermore, IL-3 also elevated ChAT activity of the cholinergic neuronal cell line SN6.10.2.2 which is a subclone of SN610) (Table II) .
Discussion. IL-3 is one of the colony stimulating factors which are known to regulate hematopoiesis, produced mainly by antigen-or mitogen-activated T cells, and is involved in regulating the growth and differentiation of a wide range of hematopoietic lineages.' 7' Mouse IL-3 is composed of 166 amino acids and has about 4O'~~ homology to human IL-3.1s),1It
is known that IL-3 induces 20a-hydroxysteroid dehydrogenase in lymphocytes, which reduces progesterone to 20a-dihydroprogesterone.lj)
It is also known that IL-3-receptor interaction induces activation of membrane protein kinase C.`'0) These might be related to the activation mechanism of neurons. 
